We are interested here in the problem of global decentralized adaptive regulation (of the plant output to zero) of square multivariable linear time-invariant systems without any restrictions on relative degrees nor matching assumptions. The rst solution to this problem was recently reported by the author using Morse's new dynamic certainty equivalent adaptive controller to prove that global stabilization is possible if the unmodelled interconnections do not induce \ampli cation of the energy of the signals in all channels". In this paper we show that, to preserve global convergence, it is actually enough to have only one \non amplifying channel". Instrumental for the establishment of our result is the fundamental S-procedure losslessness theorem of Megretsky and Treil, together with some basic loop-transformations and D-scalings.
Introduction
Several fundamental problems in identi cation and adaptive control of linear time-invariant (LTI) multi-input multi-output (MIMO) systems remain essentially open, see e.g. 3] , 7] . This is basically due to our lack of understanding of some basic structural properties of MIMO systems required for adaptation. A case in point is the problem of decentralized adaptive stabilization, which is a research subject of great theoretical and practical interest where only a few partial answers are available 1 . In such systems, each centralized subsystem (i.e. each diagonal term of the transfer matrix) is controlled independently using an adaptive algorithm. Due to the presence of the neglected interconnections the well known instability mechanisms of scalar adaptive systems with standard (certainty equivalent) algorithms 13], 4] may trigger instability. For instance, the example in 2] illustrates the parameter drift phenomenon for constant references, while the slow drift instability due to excitation of high frequency unmodelled dynamics of 12] is shown in 1] . One interesting open question that we address in this paper is the identi cation of instability mechanisms of the adaptive system that are solely due to the MIMO nature of the plant.
For many years, since the publication of 2], the major limitation for the solution of the decentralized adaptive stabilization problem was the inability to obtain a \good gradient search" in parameter space for systems of relative degree larger than one 2 . In 11] we used the key idea of dynamic certainty equivalent control of 6] to overcome this problem and derived the rst fully decentralized globally stable adaptive scheme for stably invertible systems of arbitrary relative degree without matching assumptions. The admissible interconnections {for which global convergence of the output to zero is still insured{ are those that preserve the positive realness of a closed-loop transfer matrix, (which is the identity when the plant is diagonal), hence allowing for a good estimate of the gradient mentioned above.
In this paper we enlarge the class of plants given in 11] by showing that, to preserve global convergence, it is actually enough to have a good estimate of the gradient only in one channel, instead of all channels as required in 11]. Since a positivity requirement can be easily translated into a bounded gain condition, we can also characterize the class of admissible interconnections of 11] as those that do not induce \ampli cation of the energy of the signals in all channels". Our present contribution is then the proof that this can be relaxed to having only one \non amplifying channel".
Instrumental for the establishment of our result is the fundamental S-procedure losslessness theorem of Megretsky and Treil 5] , together with some basic loop-transformations and D-scalings.
The remainder of the paper is organized as follows. In Section 2 we present the problem formulation. The control law of 11] is presented in Section 3. Section 4 presents the corollary of the losslessness theorem of Megretsky 
Previous Result
In this section we brie y recall the main results of 11]. We refer the reader to that paper for further details.
Control Law
In 11] we proposed a dynamic certainty equivalent controller ( 6] 
Error Equation
It was shown in 11] that the closed loop system (2.1)-(3.4) is described by the feedback interconnection 3 (see Fig. 1 3 In this paper we concentrate our attention on the main loop (3.5). The e ect of the second loop in g 2 of 11] can be analysed as done in that paper. and t is an exponentially decaying term due to initial conditions. H is the m m transfer matrix H = (I + HK 2 ) That is, the feedback system is output strictly passive if and only if the forward system is passive.
To complete the proof evaluate the closed loop map y 0 = I + (k + ) ] ?1 u 0 := H u 0 and remark that (3.10) holds. 222 6 
Stability Analysis
Using proposition 3.1, the implications above, the passivity theorem 9], and some simple signal chasing we have 
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The proposition above states that decentralized adaptive stabilization is possible if the decentralized channels:
{ do not destroy stabilizability, { have larger relative degrees than the centralized ones, { insure all estimator updates are in the \good direction".
The latter condition is ensured by the positive realness assumption A.7, and it can alternatively expressed via the \energy ampli cation" condition A.7'. In the following section we will relax the latter restriction to just having one \good" estimator, i.e., we will require that the interconnections do not induce ampli cation of the energy of the signals in all channels simultaneously.
A Corollary of Megretsky-Treil Theorem
Before closing this section we present here a corollary of the fundamental S-procedure losslessness theorem of 5], which will be required in the sequel. 
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In words, Megretsky-Treil theorem states that a necessary and su cient condition to be able to reduce the L 2 {gain on an operator via diagonal D{scalings is that it does not amplify the signal energy in all channels simultaneously. We will study now the L 2 stability of this new feedback system, which is equivalent to the L 2 stability of (3.5), (fact 9.9.2 of 9]).
It is clear from (3.9) and fact 1 that the operator M : ? y 7 ! satis es This completes the rst part of the proof.
To establish the second part of the proof notice that with = I + we have
where we have used the Cauchy-Schwarz inequality to get the lower bound.
Remarks 5 For ease of presentation we dropped the condition on i and assume the property holds for all t 0. This is a technicality needed only to prove that no nal escape time exists.
1. The proposition above shows that the key condition for decentralized adaptive stabilizability is, roughly speaking, the existence of a controller parametrization that insures the closed loop system H does not amplify the input energy in all channels simultaneously. which has zeros in the main diagonal blocks, is the matrix that de nes the interconnections. This class of systems and the ones considered in our paper have a common intersection, but neither one of them is contained in the other. In spite of that some structural features of (5.2), which in some sense makes it less general, are worth underscoring. First, notice that the poles of H D and those of H are the same. That is, the poles are una ected by the interconnections, which only might introduce additional ( nite) transmission zeros. Second, since the transfer matrix consists of the cascade connection of a biproper and a diagonal transfer matrix its structure at in nity is simple with the interactor given by diagfs d i g.
Thus, also the zeros at in nity are una ected by the interconnections. Neither one of these structural constraints are a priori imposed to the class of plants considered in our paper.
